In the last decade self myofascial release (SMR) has become an increasingly common modality to supplement traditional methods of massage, so a masseuse is not necessary. However, there is limited clinical data demonstrating the efficacy or mechanism of this treatment on athletic performance .The purpose of this study was to determine whether the use of myofascial rollers before athletic tests can enhance performance. Twenty-six (13 men and 13 women) healthy college aged individuals (21.56±2.04 years, 23.97±3.98 body mass index (BMI), 20.57±12.21 percent body fat) were recruited. The study design was a randomized, crossover design in which subject performed a series of planking exercises or foam rolling exercises then performed a series of athletic performance tests (vertical jump height and power, isometric force, and agility.) Fatigue, soreness, and exertion were also measured. A 2 x 2 (Trial x Gender) ANOVA with repeated measures and appropriate post-hoc was used to analyze the data. There were no significant differences between foam rolling and planking for all four of the athletic tests. However, there was a significant difference between genders on all of the athletic tests (p ≤ 0.001). As expected there were significant increases from pre to post during both trials for fatigue, soreness, and exertion (p ≤ 0.01). Post-exercise fatigue after foam rolling was significantly less than after the subjects performed planking (p ≤ 0.05). The reduced feeling of fatigue may allow participants to extend acute workout time and volume, which can lead to chronic performance enhancements. However, foam rolling had no affect on performance.
INTRODUCTION
Regular exercise and performance can result in micro trauma, which is a small amount of damage to the muscle (7) . The resulting inflammatory response may lead to fascia scar tissue over time, which in turn may lead to muscular dysfunctions (7, 10, 17) Common dysfunctions include physical traumas, overuse, and structural imbalances and lead to decreased performance and pain (7, 10, 17) . For a number of centuries massage has been used to prevent these dysfunctions as well as enhance muscle relaxation, reduce muscle tension, soreness, and to improve athletic performances (6, 15, 33 ).
In the last decade self myofascial release (SMR) has become an increasingly common modality to supplement traditional methods of treating the soft-tissue (4, 8, 9) . During SMR patients use their body weight on a myofascial foam roller to exert pressure on the opposing soft tissues. By varying their body positions, patients can use the rollers to isolate specific areas of the body and treat restrictions in the soft tissue (8) (9) (10) . Similar to massage, foam rolling prior to a workout has been said to help restore muscle length-tension relationships and allow for better warm-up (5, 9).
Self-myofascial release has been introduced in laymen's literature as a method to treat restrictions in the fascia resulting from soft-tissue injury (5, 8, 9) . Anecdotally, there is a growing market for the purchase of foam rollers as a SMR tool and they are common in commercial gyms and high school and collegiate strength and conditioning facilities. Foam rollers are commonly used both before and after a workout, but laymen's literature claims that SMR prior to a workout allows an athlete to increase his or her volume of training and decrease dysfunctions resulting from micro trauma 4 without the cost of hiring a professional (5, 9) . However there is limited clinical data demonstrating the efficacy or mechanism of this treatment on athletic performance (10) . Despite this, coaches and trainers often spend valuable time with their athletes and clients training them to use foam rollers.
An alternative explanation for perceived benefits in performance could be a potential warm-up effect. Performing SMR on a foam roller necessitates supporting ones' partial body weight with the upper body, similar to planking exercises. Planking involves isometrically holding the body in a prone position, and is typically used to strengthen the core muscles. Planking is similar to foam rolling because body position is maintained in similar ways, requiring similar isometric actions needed to support one's body weight.
Isometric exercises such as planking would have a warm-up effect through possible increased skin and muscle temperature, increased blood flow, and enhanced flexibility and mobility (14, 35) . Despite this alternative explanation, claims persist that SMR prior to a workout will enhance performance due to myofascial release, leading to increased mobility and neuromuscular efficiency (8, 9) . However, to date, there is no research investigating whether SMR enhances performance through massage-like treatment to the soft tissue or if there is simply a warm-up effect to performing the isometric hold.
In addition, some of the research that focuses on myofascial release through massage suggests that it acts a mood enhancer and potentiates fatigue, thereby acting as an ergogenic aid (28, 33, 34) . Given a lack of data on the effectiveness of SMR on soft tissue, it may be possible that anecdotal reports of foam rollings' positive effect on
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performance can be explained by mechanisms other than myofascial release.
Therefore, the purpose of this study was to determine whether SMR using foam rollers enhances acute athletic performance when compared to planking, a similar isometric exercise.
METHODS

Experimental Approach to the Problem
This was a randomized, crossover design study in which each subject completing one day of familiarization and two days of experimental testing. One experimental day consisted of an SMR bout using foam rollers followed by a series of athletic performance tests. On the other experimental day, participants performed a planking exercises followed by the same series of athletic performance tests. The purpose was to examine the effects of foam rolling as an SMR technique on vertical jump power and height, isometric force production, speed, and agility compared to the control condition of planking exercise.
Subjects
Twenty-six healthy college aged individuals (21.56 ± 2.04, 13 men, 13 women) volunteered for this study (see Table 1 for subject characteristics), which took place in during the Spring semester. Subjects were all recreationally active, defined as participating in regular physical activity at least 3-4 times per week for the past 6 months. A health history questionnaire was conducted to exclude those individuals with medical problems that could affect their ability to complete the study, such as
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6 recent or reoccurring muscle or bone injuries, or tendon or ligament injuries. Before participation, an explanation of the study was given, and the subjects were asked to read and sign an informed consent.
The participants were also asked to: a) complete a physical activity and nutritional questionnaire; b) complete a dietary log for 48 hours prior to experimental trials ; c) maintain a normal diet; d) refrain from alcohol, nicotine, and caffeine consumption at least 48 hours before testing sessions; e) refrain from use of pain reliever and analgesics for the duration of the study; f) not participate in any vigorous physical activity 48 hours prior to testing sessions. This study was approved by the University of Rhode Island Institutional Review Board.
Table 1 about here
Procedures
During the familiarization session, anthropometric measurements were taken, BMI was calculated and percent body fat was determined. Following this preliminary testing, subjects underwent two sessions of testing. The testing sessions were separated by 5 days, and each took place at the same time of day. Subjects were instructed to eat the same or similar meals 2 days before each testing session. This was done to help eliminate the chance of an increase in carbohydrate or caffeine intake. All testing sessions took place in the same location, which were supervised by the same investigators. Care was taken to ensure that all subjects received the same verbal encouragement and instructions for all exercises to negate potential differences in state of arousal. Subjects performed a standardized dynamic warm-up at the beginning of This was a balanced, randomized crossover study; therefore half of the subjects performed foam rolling on the first trial and the other half performed planking. The subjects performed the foam rolling for 30 seconds on each of the following muscles: quadriceps, hamstrings, calves, latissumus dorsi, and the rhomboids. After completing the foam rolling the subjects then completed 4 athletic tests (vertical jump height and power, isometric force, and pro agility test) to determine overall performance.
The subjects performed light planking for the same periods of time that they performed the foam rolling. The planking was performed because it simulates the isometric body weight hold that foam rolling entails. This helped to eliminate the chance of post-activation potentiation (PAP), which is an increase in muscle twitch and low-frequency force after a "conditioning" contractile activity and can be looked at as a priming mechanism that serves to improve performance (31) .
Anthropometric Measurements
Body weight was measured to the nearest 0.1 kg using a digital read scale associated with the Bod Pod calibrated before each measurement. Height was measured by use of a stadiometer (Seca, Hamburg, Germany) to the closest 0.5 cm.
BMI was calculated as weight (kg) divided by height (m) squared. Body composition was estimated via air-displacement plethysmography (Bod Pod, version 2.14 Body Composition System; Life Measurement Instruments, Concord, CA).
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Muscle Soreness, fatigue, and perceived exertion
All subjects were read instructions on the use of four scales; the Soreness on Palpation Rating Scale, Overall Fatigue Scale, Overall Soreness Scale, and the Borg CR-10. After the warm-up and at the conclusion of each testing session, subjects rated their level of muscle soreness by selecting a number on the continuous scale. Ratings for soreness on palpation and overall soreness were as followed: 0-no soreness; 1-very light soreness; 2-moderate soreness; 3-light (weak) feelings of soreness; 5-heavy (strong) feelings of soreness; 7-very heavy feeling of soreness; 10-maximal soreness. This type of scale is a valid and reliable measure that has been used in multiple studies regarding muscle soreness and pain (11, 16, 23) . Fatigue ratings were obtained using a standard Likert scale from 0 to 10 with standard psychometric tags ranging from 0 -no fatigue, 1-very light fatigue, 2-moderate fatigue, 3 -light (weak) feelings of fatigue, 5 -heavy (strong) feelings of fatigue, 7-very heavy feeling of fatigue, and 10-maximal fatigue. The Borg CR-10 scale with magnitude estimation was used to assess overall ratings of perceived exertion on a scale of 0 to 11 (3) .
Foam Rolling
The foam roller that was used in the study was chosen because it was reported to not collapse under the participant's body weight. Curran et al. 
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The participants were required to maintain a dietary record 48 hours prior to each experimental trial to ensure consistency throughout the study. This diet consisted of their normal dietary habits and foods. Participants were instructed to follow the same dietary regimen prior to both experimental trials. This was done to help eliminate the chance of an increase in carbohydrate or caffeine intake.
Statistical Analysis
All results are reported as mean ± SD. A 2 x 2 (Trial x Gender) ANOVA with repeated measures was used to analyze the data. In the case of a significant F score, a Bonferroni Post Hoc test was performed to determine where significant differences lay. Paired sample t-tests were used to determine significant differences between pre and post fatigue measures during each trial. Significance for all analysis was set a p≤ 0.05. Based on previous studies it was determined that an n of 23 was adequate to defend the 0.05 alpha level of significance with a Cohen probability level of 0.8 (GPower software, version 3.1.2, Kiel University, Germany).
RESULTS
There were no significant differences (p ≤ 0.001) between foam rolling and planking for all five of the athletic tests. However, there was significant difference between genders on all of the athletic tests. As expected there were significant increases (p ≤ 0.01)from pre to post during both trials for fatigue, soreness, and A C C E P T E D exertion. Fatigue after foam rolling was significantly (p ≤ 0.05) less than after the subjects performed planking.
Athletic Tests
Men performed significantly better on the vertical jump for height, vertical jump for power, isometric force, and pro agility (Table 1 ) compared to women. There were no significant differences between trials.
Table 2 about here
Scales
Measurements of fatigue, soreness, and exertion on a Likert scale revealed significant differences from pre to post during each exercise trial. There were not any significant gender differences for the measurements of fatigue, soreness, and exertion.
However, fatigue was significantly greater after the planking trials when compared to the foam rolling trials (Figure 1) . Table 3 
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The results suggest that 30 seconds of foam rolling compared to planking on each of the lower-limbs and back had no effect on performance. Men did show a better performance on all tests compared to the women. As expected, all of the subjects reported increased fatigue, soreness, and exertion after each trial compared to the pre measures. However, the only main effect between trials was a significant increase in feeling of fatigue post planking trial.
The performance findings are in agreement with those of Goodwin et al. who found that lower-limb massage had no effect on 30-meter sprints (15) . As with the current study, Goodwin recruited college aged individuals. However, his volunteers were all male and participated in multiple sprint sports at the university level. The pace of the massage delivery was high with rapid and superficial strokes rather than the commonly used slow and deep strokes, which may have been a limitation to the study. 
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However, this study did not accurately describe ROM measures, it is possible that there was some bias on the investigators part if they manually measured ROM.
In contrast, Ask et al. reported that maximal muscle power output during leg extension was significantly increased (by 11%) when the subjects received 10 minutes of standardized massage, which included effleurage, petrissage, and tapotement before the exercise rather than ten minutes of passive rest (2) . These studies may have differed from the current due to the length of massage given 10 to 15 minutes compared to 5 minutes of foam rolling. Also, the amount of pressure given in the current study was self-selected, and could have been more or less than the subjects received in the prior studies.
To date, this is the only investigation examining the effects of foam rolling on performance as opposed to massage. However, one study that directly measured ROM before and after a foam rolling protocol reported that foam rolling has no effect on hamstring flexibility in individuals with hamstring ROM restrictions (26) . In that study, 23 college-aged individuals with reduced knee extension ROM were randomized to a control group (normal activity) or a foam rolling protocol performed three times per week. The authors reported no difference in active knee extension between the control group and the foam rolling group after eight weeks. Taken in context, it appears as though SMR through foam rolling is ineffective at relieving tissue dysfunction and thus enhancing performance and joint range of motion.
Although there were no differences between SMR and planking, men performed significantly better than women. This was an expected result due to the fact that women generally have approximately two-thirds the strength of men in all muscle A C C E P T E D groups (12, 25) . Maud and Shultz reported that men compared to women had greater anaerobic power and anaerobic capacity (24) . The subjects mean vertical jump used in this study was comparable to similar college aged populations. The mean vertical jump for the females in this study was 39.95 ± 7.77 cm and the mean for recreational college athletes is 38-39 cm (18) . The men's mean vertical jump was 58.32 ± 7.21 cm and the mean for recreational college athletes is 61 cm (18) . This means that the subjects used in this study were very active individuals, and they reported participation in recreational games such as basketball and soccer, and unorganized activities such as running and biking at least 3 times per week.
As expected, measurements of fatigue, soreness, and exertion on a Likert scale revealed significant differences from pre to post during each exercise trial. Fatigue was significantly greater after the planking trials when compared to the foam rolling trials.
Mori et al. examined the effects of massage on blood flow and muscle fatigue following isometric lumbar exercise. For this intervention the subjects were instructed to lay prone on a table and to extend their trunks and hold that position for 90 seconds.
The subjects then either rested for five minutes, or received five minutes of massage on the lumbar region, and then repeated the trunk extensions for 90 seconds. They reported that the subjects' feelings of local muscle fatigue significantly decreased after a second trial when subjects received massage (27) . The authors theorize that this was because of an increase of muscle blood volume observed in the massage condition, which may help to enhance the removal of lactic acid (27) . Ogai et al.
reported similar results that perceived muscle fatigue starting from identical levels after the first exercise bout were reduced more effectively by massage in comparison Massage is commonly applied to athletes during periods of fatigue in training (1) . Fatigue is associated with muscular fiber changes that reflect the increased effort
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19 required to maintain a given level of mechanical performance (29) . The relaxation that massage therapy is able to produce has proved capable of reducing local fatigue (30) , and the muscular excitability (6, 32) by inducing relaxation (1). Thus, massage reduces the feeling of fatigue which may give the perception that participants can work out longer and harder. While foam rolling did not affect performance, theoretically because there was no physiological effects on the musculature, the reduced perception of fatigue is a positive finding. Foam rolling may offer individuals a relaxing and mood-enhancing experience comparable to massage. Over time, these perceptions may provide a psychological environment conducive to enhancing performance.
Unexpectedly, the pre measures of the Borg CR-10 perceived exertion scale were significantly higher for the planking trial than the foam rolling trial. However, further statistical analysis revealed that once these reports were covaried, the pre measures had no effect on performance. The meaning of these results are unclear and could be due to the fact that subjects were not feeling well that day, or did not get enough sleep the night before.
The laymen's literature claims that restrictions in the soft-tissue can cause dysfunctions. However, the current study did not assess whether restrictions were present. The subjects, while active individuals, were not competitive athletes and may not have had any soft-tissue restrictions. Further, the research protocol was a battery of tests, rather than competing or engaging in a typical workout setting. Thus, the intensity of this protocol may have been less than what is typically experienced, potentially influencing their perception of fatigue.
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Anecdotal comments from subjects suggested that some enjoyed the foam rolling and some did not. The subjects' perception of how they liked or disliked using the foam rollers could have altered how well they performed as well as the selfselected pressure they used with SMR. However, to control for any perceptual bias only subjects who had no prior experience with foam rollers were recruited.
As stated previously, this study used self-selected pressure and approximately five minutes of massage compared to other studies giving at least ten minutes of massage. The self-selected pressure on the rolling may have varied from subject to subject, unlike the constant pressure given from a masseur.
PRACTCIAL APPLICATIONS
The results of this study suggest that SMR through the use of foam rollers prior to a workout does not enhance athletic performance. Since workout time with athletes is often limited, strength and conditioning coaches should take this information into account when planning how to best utilize the time in a training session. However, perceived fatigue after foam rolling was significantly less compared to the control condition of planking. Foam Rolling may offer subjects a feeling of relaxation, which may have psychological benefits to some people. CR-10 is the Borg CR-10 Scale of Perceived Exertion.
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